Background: Nontraumatic full-thickness rotator cuff tears are commonly initially treated conservatively. If conservative treatment fails, rotator cuff repair is a viable subsequent option. The objective of the present meta-analysis is to evaluate the shoulder-specific outcomes one year after arthroscopic or mini-open rotator cuff repair of nontraumatic rotator cuff tears. Methods: A literature search was conducted in PubMed and EMBASE within the period All studies measuring the clinical outcome at 12 months after nontraumatic rotator cuff repair of full-thickness rotator cuff tears were listed. Results: We included 16 randomized controlled trials that met our inclusion criteria with a total of 1.221 shoulders. At 12 months after rotator cuff repair, the mean Constant score had increased 29.5 points; the mean American Shoulder and Elbow Score score increased by 38.6 points; mean Simple Shoulder Test score was 5.6 points; mean University of California Los Angeles score improved by 13.0 points; and finally, mean Visual Analogue Scale score decreased by 4.1 points. Conclusions: Based on this meta-analysis, significant improvements in the shoulder-specific indices are observed 12 months after nontraumatic arthroscopic or mini-open rotator cuff repair.
Introduction
Nontraumatic rotator cuff tears (RCTs) are commonly seen in patients with persistent pain of the shoulder and can be accompanied by disability, decreased range of motion and strength. 1 It is suggested that shoulder dysfunction and rotator cuff pathology are associated with a compromise in the patients health status. 2 This is similar to diabetes mellitus, clinical depression and other major diseases, such as congestive heart failure or acute myocardial infarction. 3 Dysfunction and pain as a result of RCTs can be improved reliably and significantly with medical treatment. 4 In the working population, RCTs may cause the inability to work, whereas in the older population RCTs may contribute to the loss of functional independence. 3 Our understanding of the natural history of full-thickness RCTs is evolving. It is clear that a full-thickness tear has little inherent capacity to heal without operative management. 5 It is also accepted that the size of untreated tears mostly increases over time, with subsequent tendon retraction and irreversible atrophy with fatty infiltration. 5 Treatment options for the symptomatic RCT include both non-operative and operative interventions. Many individuals with RCTs find symptomatic relief with physiotherapy with or without an infiltration, whereas others require operative repair for improvement of the pain and weakness. [6] [7] [8] [9] [10] The number of successful arthroscopic rotator cuff repairs is reported to have increased thanks to improvements in technology and the ability to achieve robust repairs in a minimally invasive fashion. 11 The objective of this meta-analysis was to evaluate the improvement of the shoulder-specific outcomes after one year following nontraumatic arthroscopic or mini-open repair of a full-thickness rotator tear.
We hypothesized a clinically relevant improvement of the shoulder-specific outcomes, 1 year after fullthickness nontraumatic rotator cuff repair. This was achieved by conducting a meta-analysis of randomized controlled trials.
Materials and methods

Data sources and searches
A literature search was performed using PubMed and EMBASE databases from January 2000 to January 2017. This period was chosen to include the most recent operative techniques. In total, 1238 unique articles were found using the search terms listed in Appendix 1 (supplementary material, online). This search was developed and performed with the assistance of medical research librarians. To be as inclusive as possible, a large number of terms were included in the search string, including Medical Subject Headings (MeSH), outcomes of interest, and study design. In addition, review articles and book chapters related to rotator cuff repair were identified within the search results, and all references from these sources were manually evaluated for potential inclusion. All references of articles meeting the inclusion criteria were similarly examined.
Study aelection
To evaluate the highest quality of the available literature, only randomized controlled trials were included. Only trials studying interventions according to current consensus that do not influence the clinical results were included. This aimed to prevent the inclusion of those patients who were treated with an inferior cuff repair. We included one study that compared arthroscopic with mini-open full-thickness rotator cuff repair. 12 Some studies have compared rotator cuff repair with additional treatments in the shoulder region, such as acromioplasty or augmentation with platelet rich plasma. 6, 9, [13] [14] [15] [16] [17] [18] [19] [20] Others have compared treatment with or without acromioplasty 21, 22 or single-row to the double-row fixation method for RCTs. 8, 23 Finally, postoperative rehabilitation programmes are compared. 24 This was conducted to increase the focus on the common treatment of rotator cuff repair.
Inclusion criteria for articles identified by the search were: (i) inclusion of patients who underwent nontraumatic full-thickness primary rotator cuff repair performed arthroscopically or with a mini-open procedure. Because of the increasing tendency of performing arthroscopic or mini-open cuff repair, we did not include studies reporting outcomes after open rotator cuff repair; (ii) surgical indication specified with a pre-operative full-thickness rotator cuff tear without glenohumeral arthritis; (iii) comparative studies were included (with or without acromioplasty, with or without augmentation with platelet rich plasma, single-row or double-row fixation technique and arthroscopic or mini-open procedure); (iv) reported al least one of the following shoulder-specific outcome indices pre-and postoperatively; Constant score, 25 American Shoulder and Elbow Score (ASES), 26 Simple Shoulder Test (SST), 25 Visual Analogue Scale (VAS) 26 or University of California Los Angeles (UCLA) score, 28 (5) studies reporting their outcomes at 12 months of follow-up with the mean (SD). No studies were excluded on the basis of patient characteristics, including age, sex, race/ ethnicity, socio-economic status, tear size if repairable or comorbidity.
Studies were excluded if (i) there were 10 or fewer patients; (ii) it contained irreparable or partial thickness rotator cuff tears; (iii) traumatic cuff tears; (iv) 12-month follow-up outcome indices not reported; (v) data presented were duplicative with those of previous publication; or the report was not in the English language.
All inclusion and exclusion criteria were reviewed by two orthopaedic surgeons specialized in shoulders. All articles identified with the search strategy were evaluated for inclusion by the lead author.
Data extraction and evidence assessment
Information from each study, including publication year, study location and method of patient selection, was assessed. Number of patients, attrition, pre-operative and postoperative shoulder-specific outcome indices with the mean (SD), pre-operative diagnosis of a full-thickness rotator cuff repair, average follow-up, patient demographics and funding source were abstracted. The significance of any study findings was reported, as were any references of surgical techniques used. Sources of potential bias with patient selection were recorded. In many cases, the studies did not detail complications according to the specific patient group, and so it was not possible to accurately 
Data synthesis and analysis
All analyses were performed with use of meta-analysis software (Review Manager, version 5.1; Cochrane Collaboration, London, UK). The number of included shoulders was used as the group size (n) for each study because the number of patients was less frequently reported for the specific treatment groups. All shoulder-specific indices were treated with continuous variables, and Cohen's d was used to estimate effect size from individual studies. For each index, the chi-squared test statistic for heterogeneity was calculated. Random effects models were used for this meta-analysis because of the observed heterogeneity in the collected data. Forest plots were generated for each outcome index, displaying individual mean differences (MD) and corresponding 95% confidence intervals (CIs), individual study weights and overall summary effect size and 95% CI. p < 0.05 was considered statistically significant.
Results
Data source and selection
Of the initial 1238 selected studies, 16 studies met the inclusion criteria with 1221 shoulders (Table 1) were included, (Figure 1 ). Although the period of our search started in 2000, the first published study that met our inclusion criteria is dated 2009. 8 In seven studies comprising 476 shoulders, shoulder-specific indices were reported after rotator cuff repair with or without augmentation with platelet-rich plasma. 9, 14, 15, [17] [18] [19] [20] Four studies with 351 shoulders comparing rotator cuff repair with or without acromioplasty; 6, 13, 16, 21 one study with 55 shoulders comparing physiotherapy alone, acromioplasty and physiotherapy, or rotator cuff repair with acromioplasty and physiotherapy; 22 two with 130 shoulders comparing the single-row and double-row fixation techniques; 8, 23 one with 95 shoulders comparing the mini-open with arthroscopic cuff repair; 12 and one with 114 shoulders comparing the early with delayed rehabilitation procedure. 24 Baseline characteristics (age, sex, quality of life outcome indices) did not differ between the two or three comparative groups in each included study.
All of the included studies found no clinical significant difference at final follow-up between the compared rotator cuff repair groups.
We extracted the shoulder-specific indices reported at 12 months after rotator cuff repair. We also included 1 article with a mean follow-up of 16 months. 9 Shoulder-specific indices ( Table 2) In 13 studies on a total of 912 shoulders, the outcome was reported using the Constant score ( Figure 2) . A significant increase of 29.5 points (p < 0.001, 95% CI ¼ 25.7 to 33.3) at 12 months after rotator cuff repair was observed. Nine studies with a total of 734 shoulders reported outcomes using the ASES score ( Figure 3 ). Significant improvements were observed after rotator cuff repair with a mean increase of 38.6 points (p < 0.001, 95% CI ¼ 36.4 to 40.9). In six articles, the SST score was reported for 474 shoulders (Figure 4) , which also showed a significant increase of 5.6 points (p < 0.001, 95% CI ¼ 5.1 to 6.2). Six studies reported outcome using the UCLA score for 436 shoulders (Figure 5 ), revealing a significant mean increase of 13.0 points (p < 0.001, 95% CI ¼ 10.3 to 15.6). Finally, the VAS score was reported in six studies on 386 shoulders. The mean decrease of 4.1 points (standardized mean difference ¼ p < 0.001, 95% CI -4.6 to -3.5) was significant ( Figure 6 ).
Discussion
The objective of this meta-analysis was to evaluate the improvement of the shoulder-specific quality of life after 1 year following nontraumatic arthroscopic or mini-open repair of a full-thickness rotator tear. Based on this study, a repair of a nontraumatic fullthickness RCT was shown to be a highly effective intervention in all the shoulder-specific indices. S Gurnani et al.
The strong points of the present study according to the Preferred Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) guidelines are the inclusion of only randomized studies based on a strictly defined systematic search of the literature in the commonly used databases. This thorough search was developed and performed with the assistance of medical research librarians.
Limitations of current meta-analysis are that several randomized controlled trials did not report a SD but instead only confidence intervals, and so these trials could not be included in current meta-analysis. Assessment was performed focusing on the indices 12 months after repair. Some studies also or only reported the indices at 6 months or at 2-year follow-up. Only data reported at 12 months were extracted and used in the present study. Because shoulder outcome can still increase 6 months after rotator cuff repair and mostly stabilizes after 12 months, we did not include studies if not reporting the indices at 12 months in the current analysis.
As a result of the heterogeneity of the included trials, the conclusions of this meta-analysis are not generalizable to the whole population.
A potential limitation in generalizing these results to all mini-open and arthroscopic cuff repair procedures is that hospital volume and surgeon volume and experience have an effect on outcome. Although the results of this analysis show good results of rotator cuff repair after 1 year, it remains unclear whether the positive effect carries through on the long-term (>1 year). According to the title, this meta-analysis focuses on the shoulder-specific indices, and the pooling of more general outcome measures such as as Short-Form (SF)-12, SF-36 and EuroQoL was not possible because of poor reporting.
The ASES score has been reported to be reliable, valid and responsive, with a minimal clinically important difference of 6.4 points. 29 The mean improvement in the ASES score found in this meta-analysis was 38.6 points, which is a major improvement. The SST has been shown to have discriminant construct validity, to be reproducible, and to be responsive to changes in shoulder function after intervention. 29, 30 In non-operative treatment of rotator cuff disease, a minimal clinically important difference was seen of 2 points, 31 whereas we found a mean increase of 5.6 points. Although we did not find any specific validation and reliability of the UCLA score for rotator cuff disease, it is widely used in studies to determine shoulder outcome. More than 50% of the scale is based on pain relief, passive motion and patient satisfaction and designed for shoulder arthroplasty, 28 although a fair correlation between the UCLA score and Constant score is observed in rotator cuff repair.
Despite the Constant score being one of the widest used scoring system for shoulder pathology, there still exists concern about validity. Current evidence indicates an excellent responsiveness for different shoulder pathologies except for shoulder instability. 31 Standardization of the range of motion and strength of the Constant score might increase reliability. 31, 33 The minimal clinically important difference for the Constant score is 10 points, 34 whereas an increase of 29.5 points was observed in the current analysis. One included study reported the relative constant score, which is a Constant score standardized for age and sex, these data were excluded because the other studies only reported an absolute score. Finally, the VAS score is also used widely in rotator cuff diseases and has a minimal clinically important difference of 1.4 in nonoperated shoulders, 35 Other outcome indices were not analyzed as a result of an insufficient amount of studied shoulders that met our inclusion criteria.
Although with ranging postoperative follow-up, repair of full-thickness rotator cuff tears have been reported to show failure rates between 25% and 90%. 1 Interestingly, several studies have reported shoulder-specific outcomes in re-tears after rotator cuff repair showing no difference in clinical outcome. 1, 36 Full-thickness rotator cuff tears can also be managed non-operatively with physiotherapy, resulting in good clinical outcomes as well. 7 This is supported by results of a multicentre prospective cohort study including 452 shoulders, reporting improvement in the outcomes studied with physiotherapy alone. 37 However, 25% were eventually indicated to undergo surgery after 2-year follow-up. Another randomized controlled trail (n ¼ 167) comparing the outcomes after (i) physiotherapy, (ii) acromioplasty and physiotherapy or (iii) cuff repair, acromioplasty and physiotherapy reported no significant differences in constant score at final follow-up. 22 The risk of treating a rotator cuff tear non-operatively is the possible enlargement of the tear and the development of cuff tear arthropathy on the long term. Although the treatment of choice for full-thickness rotator cuff tears remains controversial, our results show that operative management results in significant improvement of shoulder-specific outcomes.
A recent large multicentre randomized controlled trial in the UK compared the effectiveness of arthroscopic with open repair of the rotator cuff. 38 The study included 273 patients (136 arthroscopic and 137 open) being treated for degenerative tears of the rotator cuff. The Oxford Shoulder Score (OSS) was analyzed with a 2-year follow-up and the integrity of the cuff repair was assessed. The OSS is poorly reported in the current literature for rotator cuff tears, although its uptake is increasing in a number of countries. 39 The OSS did not differ between both groups, nor did the re-tear rate. However, a significant improvement in the OSS, Shoulder Pain and Disability Index (SPADI), EuroQol and Mental Health Inventory (MHI-5) was reported if the rotator cuff was repaired. Although the outcome measures in our meta-analysis are different, our findings of increased shoulder function and decreased pain are similar to that study.
Conclusions
The findings of this meta-analysis show a significant increase of all the analyzed shoulder-specific indices at 12 months after nontraumatic full-thickness rotator cuff repair. Patients with a rotator cuff tear have high pain scores and might have a reduced quality of life with an increased dependency on their caregivers. Rotator cuff repair appears to be an effective intervention in patients with tears. Based on the results of the present study, we recommend repair in nontraumatic rotator cuff repair if conservative treatment failed. The relative value of surgical treatment in relation to non-operative treatment with, for example physiotherapy, cannot be determined based on the present study. This comparison is still open for debate for several subgroups and larger multicentre randomized controlled trials, with quality of life and patient-reported outcome measures.
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